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157] ABSTRACT

An apparatus and method whereby a static column
mode DRAM can access a unique data bit located any-
where within the array chip and sustain a continuous
transfer of requested bits in a contiguous group of bits
(i.e. block). Steering of the data in a prescribed order 1s

accomplished via a special steering and gating network.
A control line, toggle, is used on both rising and falling

edges to produce this gapless transfer.

31 Claims, 2 Drawing Sheets
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1
ON-CHIP BIT REORDERING STRUCTURE

DESCRIPTION
Background of the Invention

The present invention relates generally to semicon-
ductor memory chips, and more particularly to on-chip
structure for randomly accessing data in a block of data
held in memory and transferring that data block off-
chip through a narrow N bit chip output interface
which is smaller than the data block, in accordance with
a given wrap protocol, and without incurring data gaps.

In high end memory system applications, such as
would be used in a large computer, one of the memory
systems is the main store memory. The main store mem-
ory is typically a very large semiconductor memory
system that is used to supply data and/or instructions to
a cache memory. A cache memory is a small, fast, tem-
porary submemory used to store words called up from
the main store memory which are to be operated on. It
has been found that when a word is called from the
main store memory, that other words in its vicinity in
the main store memory are generally also called up.
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Thus, the main store memory is organized in blocks of 23

words and is designed to transfer an entire word block
when one word within the block is randomly accessed.
Accordingly, a call up to the main store memory com-
prises multiple transfers of words constituting a lock
from the main store to the cache memory. The block
transfer rate and the size of each transfer is unique to
each particular application of the memory, but the fol-
lowing points appear to be general. The starting address
of each multi-word block transfer is random, with the
initial target address containing a requested word mem-
ory coordinate. Once the transfer has started anywhere
within the block, a wrap protocol is used to complete
the transfer of the entire block in a predetermined or-
der.

A typical design for a prior art memory system 1s
shown in FIG. 1. In FIG. 1, a user 210 is connected to
a main store memory 211 through an interface 212,
which provides timing, control and data buffering logic
to the main store memory 211. The main store memory
211 comprises a plurality of memory chips 214, con-
nected in parallel to the interface 212. Usually, each
memory chip 214 provides one parallel bit of data to the
cache memory. The number of memory chips 214 is
chosen to be equal to the number of bits in an ECC
(error correction) word; 72 for many large computers.
Thus, each bit of an ECC word is stored in and ad-
dressed from a separate memory chip 214. This design
ensures that a given memory chip provides only 1 bit to
a multi-bit ECC word, thereby preventing one chip
failure from overwhelming the error correction capabil-
ity of the memory.

In FIG. 2, a set of chips 214 (72 in this example)
transfers bits in parallel to form individual 72 bit ECC
words in a register 218. This transfer is accomplished
for each chip 214 by reading bits from the given chip
into an associated external register 226, and then serially
gating those bits via an associated gate 228 to the word
register 218 in accordance with the counts from a
counter 230 which counts in a prescribed wrap order.
Note that there is an external register 226, a gate 228,

and a counter 230 for each memory chip 214, although
only a register 226, a gate 228 and a counter 230 for the
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memory chip number 1 is shown in FIG. 2 for purposes
of clarity.

Each memory chip is organized to hold a plurality of
separate blocks of data bits, with each of these bit data
blocks containing M individual data bits, where M may,
in one embodiment, be equal to the number of words in
a word block. By way of example, and not by way of
limitation, each of these data blocks may contain 8 data
bits representing an 8 word block.

Data in a memory chip is typically accessed by a
target address which includes a row and a column ad-
dress in the chip. The row address, generally called the
RAS address, causes a series of data blocks stored in a
given row to be accessed and held in the sense amplifier
latches for the chip. The column address results in one
bit in a given data block in the row to be accessed first
via register 221, followed by the remaining bits in that
data block in the wrap protocol order. In the present
example, it is desired to transfer one 8-bit block contain-
ing the addressed target bit through a chip output (1/0)
interface to the external register 226 for the chip. This
external register 226 then provides this 8 bit data block
serially to one of the stages in the word register 218.

It is essential that once the transfer of the bit data
block begins, that it contain no gaps therein. This re-
quirement results from a need that the memory contain
a minimum number of chips, i.e., a single row of chips,
that preserve a single bit per chip for ECC purposes. In
order to ensure such a gapless transfer, it is generally
required that the memory chip have a bit interface
which is equal to the number of bits in the bit data
block, i.e., 8 bits in the present example. However, such
an 8 bit interface requires substantially more power than
lower number bit interfaces, and has attendant chip
cooling problems, increased switching noise, and signif-
icantly larger logic support requirements, resulting in
lower reliability.

In the alternative, a series of transfers, for example,
two 4-bit transfers could be utilized to transfer the 8 bt
data block through a 4 bit chip output interface to the
previously noted external register 226. Such a transfer
would occur through a standard 8 bit internal holding
register (double 4-bit buffer) which holds the addressed
bit data block from the sense amplifier latches In the
addressed row prior to output through the 4 bit chip
output interface. This 8 bit holding register is generally
designed to sequentially provide non-overlapping 4 bit
sets to the 4 bit output interface in a prescribed se-
quence, for example stages 1-4 from the holding regis-
ter on one timing pulse, followed by stages 5-8 on the
next timing pulse. Transfers through a chip output inter-
face are generally much slower than transfers from
other registers. Thus, it is seen that this bit transfer
procedure can be a viable transfer option because dur-
ing the time that the first 4 bits are being read out of the
external register 226, the remaining 4 bits can be trans-
ferred through the 4 bit chip output interface to the
external register 226. This transfer process works well
when the target address bit is the first bit in a 4 bit
multiple sequence, i.e., 1, §, etc. This is because, al-
though the reading rate period, tcgre, from the 4-bit
chip output interface, is considerably longer than the
reading rate period, tgxr, for a single stage in the exter-
nal register 226, the tcyyp period is typically less than 4
texr. Accordingly, while the first 4 bits are being read
from the external register 226 and the word register 218,
the next four bits can be transferred from the memory
4-bit output interface to the external register 226. Thus,
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bit 5 is ready for serial transfer at the same reading rate
period tgxT despite the requirement for two separate
transfers from the memory chip.

However, the above-described gapless bit transfer
operation is only valid if the initial bit address is bit 1 or
bit 5, so that three other bits can be read from the exter-
nal register 226 before the bits from the next 4-bit inter-
face transfer are required.

As previously noted, it is required that the first word
accessed be randomly addressable and that succeeding
bits be transferred in a desired wrap protocol. If bit 2, 3,
or 4, or bit 6, 7, or 8 is addressed, it can be seen that
there will be a time gap until the next 4-bit chip inter-
face transfer is completed. For example, assume that bit
8 is the addressed target bit. In this instance, the bits 5-8
are transferred to the external register 226. The gate 228
gates bit 8 to the word register 218 in accordance with
the signal from the counter 230. However, because the
tzyT stage reading rate period is considerably less than
the tcg e 4-bit chip interface reading rate period, bits 1,
2, and 3 are not yet available from the chip output.
Instead, a highly undesirable gap time, tG4p, develops
which can be several times the external register reading
rate period texT.

One technique for solving the above-described gap-
less transfer problem is disclosed in U.S. patent applica-
tion Ser. No. 791,833, wherein a bit data block is stored
two 4-bit interface memory chips. These two memory
chips are then connected in parallel to an associated
external register 226. However, such a double-chip
memory configuration is not advantageous from a mem-
ory capacity standpoint.

The invention as claimed is intended to remedy this
gapless transfer problem using a single memory chip per
bit data block.

The advantage offered by the present invention is
that a gapless bit data block transfer is achieved while
minimizing the number of chips required for ECC integ-
rity when the bit data block is larger than chip output
interface. Concomitantly, this design eliminates the
need for memory chips with large I/O interfaces and
thus reduces the number of drivers, logic supports, and
power and cooling requirements for a given memory
card.

SUMMARY OF THE INVENTION

Briefly, the present invention is a random access
memory chip, comprising:

a chip memory organized to hold a plurality of sepa-
rate blocks of data, with each of the data blocks contain-
ing M individual data bits in contiguous groups of N
bits, where M is greater than N, with each data bit
having its own unique address within a block, with the
memory having a predetermined wrap protocol calling
for the M bits in a given data block to be accessed In a
prescribed order starting with a designated target bit
address;

means for randomly addressing a data bit within a
given block of data by means of a designated target
address:;

an N bit chip output interface from the memory;

a chip register for holding a given block of data, the
register having at least M register stages for holding the
M data bits of the given data block, wherein the M
register stages are grouped into at least a first and a
second contiguous groups of N stages each, with the
register including register gating means for gating the
first stage group of N register stages to the N bit output
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interface, followed in sequence, by the second stage
group and higher groups, wherein a bit at one end of a
data block is contiguous with a bit at the other end of
the data block; and

chip steering means for providing in a first set, and in
any desired order, the bit at the target address along
with N—1 bits having following contiguous addresses
in the memory wrap protocol from within the data
block to the first group of N register stages, and for
providing each successive set of N bits with following
contiguous addresses in the wrap protocol to the second
and higher register stage groups.

In one embodiment of the present invention, the
steering means may comprise, for each register stage,
means associated therewith for providing a different bit
from each of the different bit groups in a given data
block in the memory; and means for gating one and only
one data bit from the providing means to its associated
register stage in accordance with the target address to
effect the wrap protocol.

In a further embodiment of the present invention,
each bit in the bit groups may have a bit position n
therein, wherein n=1,2, . . . N; and wherein each of the
register stages is a with a different prescribed bit posi-
tion n. The steering means may then comprise, for each
register stage, means associated therewith for providing
a bit from its prescribed bit position n from each of the
bit groups in a given data block; and means for gating
one and only one data bit from the providing means to
its associated register stage in accordance with the tar-
get address to effect the wrap protocol.

In a further embodiment, the steering means may
include means for programming each gating means by
generating control signals in response to a given target
address for providing the target address bit along with
N — 1 bits having following contiguous addresses in the
wrap protocol to the first group of N register stages,
and for providing each successive set of N bits with
following contiguous addresses in the wrap protocol to
the second and higher register stage groups. In one
embodiment, this programming means may comprise
means for generating signals in accordance with a truth
table in response to a target address, and means for
generating TRUE and COMPLEMENT control sig-
nals for controlling the gating means for the M register
stages.

In another aspect, the invention comprises a method
for transferring a block of data held within a random
access memory chip to an N bit output interface, with
the memory being organized to hold a plurality of
blocks of data, with each of the blocks containing M
individual data bits in an initial bit order in contiguous
groups of N bits, where M is greater than N. Each data
bit has its own unique address within the block and the
memory has a predetermined wrap protocol calling tor
the M bits in a given data block to be accessed 1n a
prescribed order starting with a target bit address. The
method comprises the internal chip operations of:

randomly addressing a data bit within a given block
of data held in a memory chip by means of a target
address;

holding the data block in its initial data bit order
within the memory chip;

reordering the data bit order within the memory chip
so that the bit with the target address along with the
N —1 bits having following contiguous addresses i the
memory wrap protocol are held in any order in the first
N positions in the data bit order, and reordering so that
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each successive set of N bits with following contiguous
addresses in the wrap protocol is held in second and
higher N position groups in the data bit order, respec-
tively; and

gating the first N positions in the reordered data bit
order in the chip memory to the N bit chip output inter-
face, followed, in sequence, by the second N positions

and higher N position groups.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a prior art
memory system.

FIG. 2 is a schematic block diagram of a memory
configuration that may be used in the present invention.

FIG. 3 is a schematic block diagram of one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention is directed to an on-chip circuit
for performing a gapless bit data block transfer when
the bit data block is larger than the chip output inter-
face. This gapless transfer is accomplished by steering
the data bits being accessed from the memory array of
the chip to prescribed positions in a holding register,
with the steering being accomplished in accordance
with a specific target address. In essence, the present
invention is a new design for the control circuitry for a
standard memory chip. The present invention is de-
signed to be utilized with a standard memory array chip
composed of rows and columns of standard memory
cells with multiple bit outputs. A typical memory chip
of this type could be either a 256k X4 or a 2M X4
DRAM

It should be noted at the outset, that the present in-
vention has broad applicability to a wide variety of
memory chips and memory arrays. The present inven-
tion is not limited to a particular output interface size, or
to a particular bit data block size, or to a given word
size. However, in order to provide a working example
of the present invention, the present invention will be
disclosed in the context of a memory chip organized in
bit data blocks of 8 bits and using a 4-bit output inter-
face.

Referring now to FIG. 3, a standard memory array
composed of rows and columns of memory cells is des-
ignated by the block 10 in the Figure. An address line 12
is apphied to the memory array 10 in order to access a
particular target address bit. This address causes an
entire row of memory cells to be accessed and their data
applied to associated sense amplifiers. The data bits are
then applied from these sense amplifiers to associated
sense amplifier latches or buffer stages, presented by the
register 14 in the Figure.

In this example, each row contains a plurality of 8-bit
data blocks. The address on the address line 12 causes
the sense amplifiers associated with one particular block
of data bits to be selected and to provide those data bits
to the sense amplifier latches or buffer stages 1-8, repre-
sented in the Figure by register 14.

In general, the chip memory array is organized to
hold a plurality of separate blocks of data, with each of
the data blocks containing M individual data bits in
contiguous groups of N bits, where M is greater than N,
with each data bit having its own unique address within
the data blocks. In the present example, each data block
comprises 8 bits, so that M =8. These 8 bits are held in
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6

the sense amplifier latches or buffer stages 1-8 as shown
in the Figure.

The chip further comprises chip register means 16 for
holding a given block of bit data, with chip register
means 16 having at least M register stages 18 for holding
the M data bits of the given data block. This chip regis-
ter means 16 is organized with the M stages of the hold-
ing register 18 grouped into at least a first and a second
contiguous group of N stages each, where N 1s the
number of bits in the output interface for the chip. The
chip register means 16 further includes a register gating
means 20 for gating the first stage group of N register
stages to the N bit output interface, followed in se-
quence, by the second stage group and higher groups. It
should be noted that the chip register means 16 is con-
sidered to be contiguous with a bit at the other end of
the bit data block.

The first gating means 20 of chip register means 16
may be implemented in a variety of configurations. In
FIG. 3, the first gating means 20 is shown to include a
plurality of register gates 22 and 24, one for each regis-
ter stage group of N stages. These register stages 22 and
24 gate the data in their associated register stage groups
into an N bit output interface. This N bit output inter-
face may be composed simply of an OR gate 26, or a
gate which follows therefrom.

Each of the register gates 22 and 24 operates to pass
N parallel outputs in accordance with a timing signal.
Register gate 22 passes its N parallel outputs in accor-
dance with a TOGGLE timing signal, while register
gate 24 passes its N parallel outputs in accordance with
a NOT TOGGLE timing signal. Accordingly, either
one or the other of the parallel sets of N outputs, but not
both, is applied to the N bit output interface gate 26.

In the present example, an 8-bit data block is utilized,
so that there are 8 register stages 1'-8" in the holding
register 18. Likewise, a 4-bit output interface is utilized,
so that N=4. Accordingly, the holding register 18 pro-
vides a first set of 4 parallel bit outputs from register
stages 1'-4' to the register gate 22 for application to the
OR gate 26 upon the occurrence of a TOGGLE pulse.
Likewise, the holding register 18 provides a second set
of 4 parallel bit outputs from the register stages 5'-8' to
the register gate 24 for application to the OR gate 26
upon the occurrence of a NOT TOGGLE pulse.

It can be seen that the M, or 8 in this example, data
bits held in the sense amplifier stages 1-8 of latches 14
can be provided directly to the respective individual
stages 1'-8’ in the holding register 18. However, be-
cause the present memory array is randomly address-
able and provides succeeding bits in a particular wrap
protocol, the majority of bit transfers from the register
18 to the 4-bit output interface 26 will have gaps therein.
In the worst case situation where bit number 4 (or bit 8)
is the target address bit, the first four bits 1-4 are passed
via the stages 1-4 in the register 14 and the holding
register stages 1'-4’ to the register gate 22 and thence to
the OR gate 26. This transfer of the bits 1-4 through the
register gate 22 and the OR gate 26, constituting the
4-bit output interface, requires a reading rate tcyrp.
These 4 bits are applied to the external register 226. The
external register 226 (FIG. 2) then begins to read its
addressed data through the gate 228 in accordance with
the counter 230. However, since bit 4 was the target bit,
and the wrap protocol requires bits 5, 6 and 7, a signifi-
cant gap in time now occurs. At the end of the TOG-
GLE signal, the NOT TOGGLE signal occurs, thereby
gating bits 5-8 through the register gate 24 to the OR
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gate 26 and thence to the other four stage locations 1n
the external register 26. However, because the reading
rate period, tgxT, is considerably shorter than the read-
ing rate period, tchrp, a considerable time gap occurs
while the external register 226 is waiting for the next 4 5
bits of parallel data from the chip output interface 26.
This highly undesirable gap can be several times the
external reading rate period, tgxr.

In order to solve the above-described data bit transfer
problem and to provide gapless transfers of data bits 10
regardless of which random bit is the target address bit,

a chip steering means 30 is provided. Chip steering
means 30 operates to provide in a first set, and 1n any
desired order, the bit at the target address along with

N — 1 bits having following contiguous addresses in the 15
memory wrap protocol from within the data block to
the first group of N register stages in the holding regis-
ter 18. This chip steering means 30 provides each suc-
cessive set of N bits with following contiguous ad-
dresses in the wrap protocol to the second and higher 20
register stage groups in the holding register 18. In the
present example with N=4 and M=3§, and assuming
that the target bit is bit 4, then this chip steering means
operates to provide bits 5, 6, 7 and 4 to the first group of
four register stages 1'—4' in the holding register 18. Like- 25
wise, the chip steering means 30 provides the bits 1, 2, 3
and 8 to the second group of four register stages 5'-8" in
the holding register 18. Thus, the bits 5, 6, 7 and 4 are
provided first through the 4-bit output interface 26,
followed by the bits 1, 2, 3, and 8. These bits are held in 30
the external register 226 and are read therefrom in the
proper order beginning with the target address bit 4 by
means of the counter 230. The counter 230 1s set to
begin its count at bit 4 by applying the lower 3 address
bits A3, A1, Ag thereto. (The present counter is incre- 35
mented after each data transfer and the results are de-
coded to select the appropriate bit to be outgated from
the register 226.)

The basic logic circuit in the chip steering means
comprises, for each register stage 1'-8’ in the holding 40
register 18, means 30 associated therewith for providing
a different bit from each of the different bit groups in a
given data block in the memory, and second means 32
for gating one and only one data bit from the providing
means 30 to its associated register stage in accordance 45
with the target address to thereby effect the wrap pro-
tocol. In a preferred embodiment, each bit in the bit
groups has a bit position n therein, wherein n=1,2, . . .

N: and wherein each of the holding register stages 18 is
associated with a different prescribed bit position n. In 50
this configuration, the steering means comprises, for
each register stage, means 30 for providing a bit from its
prescribed bit position from each of the bit groups in a
given data block; and second means 32 for gating one
and only one data bit from the providing means to its 55
associated register stage in the holding register 18 in
accordance with the target address to effect the wrap
protocol.

FIG. 3 shows one embodiment for the providing
means 30. In this embodiment, the providing means 30 60
provides both the 1 bit and the 5 bit (the n=1 bit posi-
tion) to the second gating means 32 for the 1’ stage n
the holding register 18. This second gating means 32, 1n
turn, comprises a plurality of AND gates, with a differ-
ent AND gate for each bit group in the data block for 65
receiving data therefrom. In the present example with
an 8-bit data block, there are two bit groups, 1-4 and
5-8. Accordingly, each of the second gating means 32

8

associated with a given stage of the holding register 18
includes two AND gates. The AND gates associated
with the 1’ stage of the holding register 18 comprises an
AND gate 40 for receiving the 1 data bit from the 1
stage of the sense amplifier latches 14, while an AND
gate 42 is provided for receiving the § data bit from the
5 stage in the sense amplifier latches 14. Each of these
AND gates 42 and 40 receives a control signal from a
programming means 90, to be discussed below. The
output from one of the AND gates 40 or 42 1s apphied to
an OR gate 44 for providing bit data to the associated
register stage 1’ in the holding register 18.

Likewise, stage 2’ in the holding register 18 has a
second gating means 32 (n=2) associated therewith
comprising an AND gate 46 one input thereof for re-
ceiving the bit number 2 from the 2 stage of the sense
amplifier latches 14, and further including an AND gate
48 for providing the bit number 6 from the 6 stage of the
sense amplifier latches 14. The outputs from the AND
gate 46 or the AND gate 48 is provided to the OR gate
50 for application to the 2’ stage in the holding register
18.

This structural sequence is continued for each of the
remaining stages in the holding register 18. Accord-
ingly, bit number 3 from the sense amplifier latch 14 and
bit number 7 from the sense amplifier latches 14 (n=23)
are provided to the respective AND gates 52 and 54, for
application through an OR gate 56 to the 3’ stage of
holding register 18. Bit number 4 and bit number 8 from
the sense amplifier latches 14 (n=4) are provided to the
AND gates 58 and 60, respectively, for application
through the OR gate 62 to the 4’ stage in the holding
register 18. Bit number 5 and bit number 1 from the
sense amplifier latches 14 (n=1) are provided to the
AND gates 64 and 66, respectively, and the output from
one of those gates is applied through the OR gate 68 to
the 5' stage in the holding register 18. Bit number 6 and
bit number 2 (n=2) are applied via the AND gates 70
and 72, respectively, to the OR gate 74 and the 6’ stage
in the holding register 18. Bit number 7 and bit number
3 (n=13) from the sense amplifier latches 14 are applied
via the AND gates 76 and 78, respectively, through the
OR gate 80 to the 7' stage in the holding register 18.
Finally, bit number 8 and bit number 4 (n=4) are ap-
plied via the AND gates 82 and 84, respectively,
through the OR gate 86 to the 8’ stage in the holding
register 18. Note that the data gates used for steering
purposes may be implemented with the data gates nor-
mally used for partial stores within a multi-bit chip
structure.

The providing means 30 further includes means for
programming each of the second gating means 32 by
generating control signals in response to a given target
address for providing the target address bit along with
the N — 1 bits having following contiguous addresses in
the memory wrap protocol to the first group of N regis-
ter stages in the holding register 18, and for providing
each successive set of N bits with following contiguous
addresses in the wrap protocol to the second and higher
register stage groups in the holding register 18. The
foregoing functional description is realized by applying
a control signal from the programming means 90 as a
second input to each of the AND gates 40, 42, 46, 48, 50,
52. 54, 58, 60, 64, 66, 70, 72, 76, 78, 82, and 84. These
control signals ensure that one and only one data bit
from the sense amplifier latches 14 is applied through
the associated OR gate to each of the associated stages
in the holding register 18. It should be noted that there
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are a variety of techniques available for generating
control signals, and a variety of techniques for ORing
the various bit numbers in the sense amplifier latches 14
for application to the holding register 18. In the embodi-
ment shown in FIG. 3, 2M control signals are gener-
ated; one control signal for each AND gate in the sec-
ond gating means 32. In this example embodiment, the
programming means is implemented by means 92 for
generating signals in accordance with a truth table in
response to the target address applied on line 94. Means
96 is then provided for generating TRUE and COM-
PLEMENT control signals in response to the signals
from means 92 for controlling the second gating means
32 for the register stages in the holding register 18. In
one embodiment, this generating means 96 comprises a
set of N data gates 98 and an associated set of inverting
gates 100. Each of the data gates receives a signal from
the truth table generating means 92 and provides a
TRUE signal in response thereto. The output from each
data gate is applied to control one of the pair of AND
gates in each of the second gating means 32 which is
associated with a prescribed bit position in each of the
bit groups in a given bit data block. For example, of the
bit position n=4, data gate 98A applies the TRUE out-
put to control one of the pair of AND gates in the sec-
ond gating means 32 which is associated with the 4’
stage and the 8 stage in the holding register 18. Addi-
tionally, the TRUE output from the data gate 98A 1s
applied to an inverting gate 100A which generates a
COMPLEMENT output. The COMPLEMENT out-
put from the inverting gate 100A is applied to control
the other of the AND gates for the second gating means
32 associated with the 4’ stage and the 8’ stage of the
holding register 18. In the example of FIG. 3, the
TRUE output from the data gate 98A is applied to
AND gate 60 along with the bit 8 output from the sense
amplifier latches 14. Likewise, the TRUE output from
the data gate 98A is also applied to the AND gate 84
along with bit 4 from the sense amplifier latches 14. The
COMPLEMENT output from the inverting gate 100A
is applied to the AND gate 58 along with the bit 4
output from the sense amplifier latches 14. This COM-
PLEMENT output from the inverting gate 100A is aiso
applied to the AND gate 82 along with the bit 8 output
from the sense amplifier latches 14. Accordingly, it can
be seen that when the TRUE output from the data gate
98A is high, and the COMPLEMENT output from
inverting gate 100A is low, then bit 8 from the sense
amplifier latches 14 is applied through the AND gate
60, and the OR gate 62 to the 4' stage in the holding
register 18. Likewise, bit 4 from the sense amplifier
latches is applied through the AND gate 84 and the OR
gate 86 to the 8’ stage in the holding register 18. Alter-
natively, if the TRUE output is low and the COMPLE-
MENT output is high, then the bit number 4 from the
sense amplifier latches 14 is applied through the AND
gate 58 and the OR gate 62 to the 4’ stage of the holding
register 18. Likewise, the bit number 8 from the sense
amplifier latches 14 is applied through the AND gate 82
and the OR gate 86 to the 8’ stage of the holding register
18.

The data gates 98B, 98C and 98D and their associated
inverting gates 100B, 100C and 100D are connected in
a similar fashion to control the AND gates for the other
prescribed bit positions n in the bit groups in the data
block. Accordingly, the TRUE output from the data
gate 98B is applied to AND gate 54 along with the bit
7 output from the sense amplifier latches 14. Likewise,
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a true output from the data gate 98B is applied to the
AND gate 78 along with the bit 3 output from the sense
amplifier latches 14. The associated inverting gate 100B
applies its COMPLEMENT output to the AND gate 52
along with the bit 3 output from the sense amplifier
latches 14 and to AND gate 76 along with the bit 7
output from sense amplifier latches 14. If the TRUE
output from the data gate 98B is high, then bit number
7 from the sense amplifier latches 14 is applied through
the AND gate 54 and the OR gate 56 to the 3'stage in
the holding register 18. Likewise, a high signal for the
TRUE signal from the data gate 98B causes the bit
number 3 from the sense amplifier latches 14 to be ap-
plied through the AND gate 78 and the OR gate 80 to
the 7' stage of the holding register 18.

Data gate 98C is likewise connected to have its
TRUE output applied to the AND gate 48 along with
bit number 6 from the sense amplifier latches 14. The
TRUE output from the data gate 98C is also applied to
the AND gate 72 along with the bit number 2 from the
sense amplifier latches 14. The inverting gate 100C
associated with the data gate 98C applies its COMPLE-
MENT output to AND gate 46 along with bit number
2 from the sense amplifier latches 14. The inverting gate
100C also applies its COMPLEMENT output to the
AND gate 70 along with the bit number 6 from the
sense amplifier latches 14.

Finally, the TRUE output from the data gate 98D 15
applied to the AND gate 42 along with the data bit
number 5 from the sense amplifier latches 14. The
TRUE output from the data gate 98D 1s also applied to
the AND gate 66 along with the bit number 1 from the
sense amplifier latches 14. The associated inverting gate
100D applies its COMPLEMENT output to the AND
gate 40 along with the bit number 1 from the sense
amplifier latches 14 and to the AND gate 64 along with
the bit number 5§ from the sense amplifier latches 14.

As noted previously, the four input signals to the data
gates 98A-98D are generated by truth table coder 92 in
response to the target bit address. This truth table coder
may be implemented by a variety of different circuit
configurations based on a desired truth table. In the
embodiment shown in FIG. 3, a truth table of the type
shown in Table 1 may be utilized to implement the bit
steering. This truth table in Table 1 includes a column
for a target bit, the last three digits of the binary address
for that target bit, and four additional columns; one
column for each of the data gates A-D.

The purpose of the truth table in Table 1 1s to steer
the data bits so that the target data bit and N —1 bits
having following contiguous addresses in the memory
wrap protocol occur within the first N register stages in
the holding register 18. For example, if the target bit 15
bit number 4 in the sense amplifier latch, then it is de-
sired to have bits 4, 5, 6 and 7 (the target bit and the first
N —1 bits following the target bits) steered to the first
four register stages 1'-, 4’ in the holding register 18.

Referring now to the truth table in Table 1, for a
target bit number 4 the truth table provides a one to data
gate 98D, a one to data gate 98C, a one to data gate 98B,
and a zero to data gate 98A. These four truth table
outputs cause bit number 5 to be applied through the
AND gate 42 and the OR gate 44 to the 1’ stage in the
holding register 18. Likewise, the bit number 6 is ap-
plied through the AND gate 48 and the OR gate 50 to
the 2’ stage of the holding register 18. Bit number 7 1s
applied through the AND gate 54 and the OR gate 56 to
the 3’ stage of the holding register 18. Finally, bit num-
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ber 4 is applied through the AND gate 58 and the OR
gate 62 to the 4’ stage of the holding register 18. Like-
wise, bit number 1 is applied through the AND gate 66
and the OR gate 68 to the 5’ stage, bit number 2 1S ap-
plied through the AND gate 72 and the OR gate 74 to
the 6' stage, bit number 3 is applied through the AND
gate 78 and the OR gate 80 to the 7' stage, and finally
the bit number 8 is applied through the AND gate 82
and the OR gate 86 to the 8 stage of the holding register
18.

The four bits held in the stages 1'-4' are gated by the
TOGGLE signal through the gate 22 and the OR gate
26, which may be viewed as the N-bit output interface
for the chip. As a result of the above operation, the bits
5, 6, 7, and 4 are held in the external register 226 in FIG.
2. These four bits may be gated out via the gate 228 to
the appropriate stage in the word register 218 in accor-
dance with the counter 230. The counter 230 and other
support logic operates to provide the bits in the proper
sequence of 4, 5, 6, and 7 to the appropriate stage in the
word register 218. While these four bits are being se-
quentially read from the external register 226 to one
stage in the word register 218, the bits 1,2, 3and 8 held
in the 5'-8' stages of the holding register 18 may be
transferred in accordance with the NOT TOGGLE
timing signal through the gate 24 and the OR gate 26
output interface to the other four stages in the external
register 226.

As another example, if the target bit is bit number 7,
then the truth table coder 92 provides the data gate 98D
with a zero output, 98C with a zero output, 98B with a
one output and 98A with a one output. The control
signals generated in response to these truth table signal
inputs cause the 1'-4’ stages in the holding register 18 to
hold the bits 1, 2, 7 and 8, respectively. These bits are
again gated upon the occurrence of the TOGGLE tim-
ing signal through the gate 22 and the OR gate 26 to the
external register 226. These bits are then gated by the
gate 228 in the proper order of 7-8-1-2 in accordance
with the counter 230 which begins at the target address
110 for the target bit number 7. Likewise, 1n response to
these truth table outputs, the 5'-8' stages of the holding
register 18 hold the bits 5-6-3-4, respectively. These bits
are gated in accordance with the NOT TOGGLE sig-
nal through the gate 24 and the OR gate 26 to the other
four stages in the external register 226. The gating of
this second group of 4 bits occurs again during the
gating of the first group of 4 bits to the appropriate
stage in the word register 218. After these first four bits
1, 2, 7, 8 have been gated in the proper order to the
word register 218, the next 4 bit group 5-6-3-4 is gated
via the gate 228 in the proper order to the same stage in
the word register 218.

It can thus be seen from the above description that a
gapless bit data transfer has been achieved while mim-
mizing the number of chips required for ECC integrity
when the M bit data block is larger than the chip N-bit
output interface. The present design also eliminates the
requirement for chips with large 1/0 interfaces, thereby
reducing the number of required drivers, logic supports,
and reducing the power and cooling requirements for a
given memory card. Such a memory card also has 1m-
proved reliability because of the fewer required logic
supports and the lower switching noise attendant to the
use of a smaller I/0 interface.

The present gapless transfer design provides the high-
est performance option for memory arrays where the
chip data rate is larger than the system transfer rate.

10

15

20

235

30

33

45

50

35

65

12

While the present invention has been particularly
shown and described with reference to preferred em-
bodiments therefor, it will be understood by those
skilled in the art that the foregoing and other changes in
form and detail may be made therein without departing
from the spirit and scope of the present invention.

TABLE 1|
M
Address (98 A) (98 B) (98 C) {98 D)
Target Bit (AjAAg) DGA DGB DGC DGD
i 000 \ 0 0 0
2 001 0 0 0 1
3 010 0 0 1 1
4 011 0 1 ! 1
5 100 l ] { 1
6 101 l ] 1 D
7 110 1 1 0 0
3 111 i 0 0 0
S —
We claim:

1. A random access memory chip, comprising:

a chip memory organized to hold a plurality of sepa-
rate blocks of data, with each of said data blocks
containing M individual data units in contiguous
groups of N data units, where M is greater than N,
and N is greater than one, with each data unit hav-
ing its own unique address within said blocks, said
memory having a predetermined wrap protocol,
wherein said wrap protocol i1s a prescribed order
for calling for all of said M data units in a given
data block starting with a designated target data
unit address and proceeding in said prescribed oOr-
der, wherein a data unit at the end of a data block
is contiguous in said prescribed order with a data
unit at the beginning of said data block so that said
beginning data unit follows said end data unit in
said data block;

means for randomly addressing a data unit within a
given block of data by means of a designated target
address:;

an N data unit chip output parallel interface from said
mMemory;

chip register means for holding a given block of data,
said chip register means having at least M register
stages for holding said M data units of said given
data block, wherein said M register stages are
grouped into at least a first and a second contiguous
groups of N stages each, said chip register means
including first gating means for gating said first
stage group of N register stages to said N data unit
output parallel interface, followed in sequence, by
said second stage group and higher groups; and

chip steering means for providing in a first set, and in
any desired order, the data unit at said target ad-
dress along with N —1 data units having following
contiguous addresses for said memory wrap proto-
col from within said data block to said first group
of N register stages, and for providing each succes-
sive set of N data units with following contiguous
addresses in said wrap protocol to said second and
higher register stage groups, wherein the data unit,
if any, following the end data unit in the data block
is always the beginning data unit in the data block.

2. A memory chip as defined in claim 1, wherein said

steering means comprises, second gating means assocl-
ated with each register stage for receiving at least two
different data units from said block of data and gating
one and only one of said data units to its associated
register stage; and
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means for providing each of said data units in said
block of data to at least two different second gating
means with the outputs of said at least two different
second gating means being connected to register
stages in different register state groups.

3. A memory chip as defined in claim 2, wherein said
steering means includes

means for programming each of said second gating

means by generating control signals in response to
a given target address to thereby provide said tar-
get address data unit along with said N—1 data
units having following contiguous addresses in said
memory wrap protocol to said first group of N
register stages and for providing each successive
set of N data units with following contiguous ad-
dresses in said wrap protocol to said second and
high register stage groups.

4. A memory chip as defined in claim 3, wherein said
memory includes a buffer for holding the data unit
groups of a data block that contains a target address
data unit; and

wherein said providing means obtains data units from

data unit groups held in said buffer for provision to
said second gating means.
5. A memory chip as defined in claim 4, wherein said
programming means comprises
means for generating signals in accordance with a
truth table in response to a target address; and

means responsive to said truth table signal generating
means for generating TRUE and COMPLE-
MENT control signals for controlling said second
gating means for said M register stages in said chip
register means.

6. A memory chip as defined in claim §, wherein each
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of said second gating means comprises: a plurality of 35

AND gates, with a different AND gate for each data
unit group in said data block for receiving data there-
from, and with each of said plurality of AND gates
receiving a control signal from said programming
means; and

an OR gate for providing a data unit from one of said

plurality of AND gates to the associated register
stage for that second gating means.

7. A memory chip as defined in claim 6, wherein said
first gating means comprises a plurality of register gates,
one for each register stage group of N stages, said regis-
ter gates gating the data in said associated register stage
groups into said N bit output interface.

8. A memory chip as defined in claim 1, wherein each
data unit in said data unit groups has a data unit position
n therein, where n=1,2. .. N; and

wherein each of said register stages in said chip regis-

ter means is associated with a different prescribed
data unit position n;

wherein said steering means comprises, for each reg-

1Ister stage,

means for providing a data unit from its prescribed

data unit position n from each of said data unit
groups in a given data block; and

second means for gating one and only one data unit

from said providing means to its associated register
stage in accordance with said target address to
effect said wrap protocol.

9. A memory chip as defined in claim 8, wherein said
steering means includes

means for programming each second gating means by

generating control signals in response tO a given
target address to thereby provide said target ad-
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dress data unit along with said N—1 data units
having following contiguous addresses in said
memory wrap protocol to said first group of N
register stages and for providing each successive
set of N data units with following contiguous ad-
dresses in said wrap protocol to said second and
higher register stage groups.

10. A memory chip as defined in claim 9, wheretn said
memory includes a buffer for holding the data unit
groups of a data block that contains a target address
data unit, and

wherein said providing means obtains data units from

data unit groups held in said buffer for provision to
said second gating means.
11. A memory chip as defined in claim 10, wherein
satd programming means COmprises
means for generating signals in accordance with a
truth table in response to a target address; and

means responsive to said truth table signal generating
means for generating TRUE and COMPLE-
MENT control signals for controlling said second
gating means for said M register stages.

12. A memory chip as defined in claim 11, wherein
each of said second gating means comprises: a plurality
of AND gates, with a different AND gate for each data
unit group in said data bloc for receiving data there-
from, and with each of said plurality of AND gates
receiving a control signal from said programming
means; and

an OR gate for providing a data unit from one of said

plurality of AND gates to the associated register
stage for that second gating means.

13. A memory chip as defined in claim 12, wherein
said first gating means comprises a plurality of register
gates, one for each register stage group of N stages, said
register gates gating the data in said associated register
stage groups into said N data unit output interface.

14. A method for transferring a block of data held
within a random access memory chip to an N data unit
output parallel interface, said memory being organized
to hold a plurality of said blocks of data, with each of
said blocks containing M individual data units in an
initial data unit order and in contiguous groups of N
data units, where M is greater than IN and N 1s greater
than one, with each data unit having its own unique
address within said block, said memory having a prede-
termined wrap protocol, wherein said wrap protocol 1s
a prescribed order calling for said M data units in a
given data block starting with a designated target data
unit address and proceeding in said prescribed order,
wherein a data unit at the end of a data block is contigu-
ous in said prescribed order with a data unit at the be-
ginning of said data block so that said beginning data
unit follows said end data unit, comprising the internal
chip operations of:

randomly addressing a data unit within a given block

of data held in 2a memory chip by means of a desig-
nated target address;

holding said data block in its initial data unit order

within said memory chip;

reordering said data unit order within saild memory

chip so that the data unit with the target address
along with the N—1 data units having following
contiguous addresses in said memory wrap proto-
col are held in any order in the first N positions in
said data unit order, and reordering so that each
successive set of N data units with following con-
tiguous addresses in said wrap protocol i1s held 1n
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the second and higher N position groups in the
order, respectively wherein the data unit, 1f any,
following the end data unit in the data block 1s
always the beginning data unit in the data block;
and
gating said first N positions in said reordered data unit
order in said chip memory to said N data unit chip
output parallel interface, followed, in sequence, by
said second N position group and higher N position
groups.
15. A method as defined in claim 14, wherein said
initial data unit order holding step includes the step of
holding said bits from said given data block in succes-
sive groups of N data units; and
making each data unit in said block of data accessible
to at least two different positions in said reordered
data unit order, with these a least two positions
being in different groups of N data units; and

gating one and only one data unit obtained from said
making step into said position in said reordered
data unit order.,

16. A method as defined in claim 15, wherein said
reordering step gating includes the step of controlling
the gating for each data unit position in said reordered
data unit order by generating a truth table of TRUE and
COMPLEMENT control signals in response to a given

target address.
17. A method as defined in claim 14, wherein said

initial data unit order holding step includes the step of 30

holding said data units from said given data block in
successive groups of N data units, with each data unit in
said data unit group having a data unit position n, where
n=12, ... N;and

wherein each of said positions in said reordered data
unit order is associated with a different prescribed
data unit position n; and

wherein said reordering step comprises the steps of,
for each position in said reordered data unit order,

obtaining a data unit from its prescribed data umt
position n from each of said data unit groups in said
given data block; and

gating one and only one data unit obtained from said
obtaining step to its associated position in said reor-
dered data unit order.

18. A method as defined in claim 17, wherein said
reordering step gating includes the step of controlling
the gating for each position in said reordered data unit
position by generating a truth table of TRUE and
COMPLEMENT control signals in response to a given
target address.

19. A random access memory chip, comprising:

a chip memory organized to hold a plurality of sepa-
rate blocks of data, with each of said data blocks
containing M individual data buts in an initial order
in contiguous groups of N bits, where M 1s greater
than N, and N is greater than one, with each data
unit having its own unique address within said
block, said memory having a predetermined wrap
protocol wherein said wrap protocol is a pre-
scribed order calling for said M bits to be accessed
starting with a target bit address and proceeding in
said prescribed order, wherein a bit at the end of a
data block is contiguous in said prescribed order
with a bit at the beginning of said data block so that
said beginning bit follows said end bit in said data
block;
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chip address means for randomly addressing a data
bit in a given block of data held in said chip mem-
ory by means of a target address;

an N bit chip output parallel interface from said chip
mMemory;

means for holding said given data block in its initial
data bit order within said chip;

means for reordering said data bit order into a reor-
dered data bit order so that the bit with the target
address along with N—1 bits having following
contiguous addresses in said memory wrap proto-
col are held in any order in the first N positions in
said reordered data bit order, and reordering so
that each successive set of N bits with following
contiguous addresses in said wrap protocol i1s held
in second and higher N position groups, respec-
tively, within said reordered data bit order,
wherein the bit, if any, following the end bit in the
data block is always the beginning bit in the data
biock; and

first chip gating means for gating said first N positions
in said reordered data bit order to said N bit chip
output parallel interface, followed, in sequence, by
said second N positions and higher N position
groups.

20. A memory chip as defined in claim 19, wherein
said initial bit order holding means includes means for
holding said bits from said given data block in succes-
sive groups of N bits; and

means for making each bit in said block of data acces-
sible to at least two different positions in said reor-
dered data bit order, with these at least two posi-
tion being in different groups of N bits; and

second means for gating one and only one data bit
obtained from said making means into said position
in said reordered bit order.

21. A memory chip as defined in claim 20 wherein
said second gating means includes means for controlling
said second gating for each bit position tn said reordered
bit order by generating a truth table of TRUE and
COMPLEMENT control signals in response to satd
given target address.

22. A memory chip as defined in claim 21, wherein
said reordering means includes a chip register for hold-
ing said given block of data, with said register having at
least M register stages for holding said M data bits o
said given data block.

23. A memory chip as defined in claim 22, wherein
said initial data bit order holding means comprises a
buffer for holding N bit groups of said given data block
that contains said target address bit; and

wherein said providing means obtains bits from bit
groups held in said buffer for provision to saud
second gating means.

24. A memory chip as defined in claim 23, wherein

each of said second gating means comprises:

a plurality of AND gates, with a different AND gate
for each bit group in said data block for receiving
data therefrom, and with each of said plurality of
AND gates receiving a control signal from said
controlling means; and

an OR gate for providing bit data from one of said
plurality of AND gates to the associated register
stage for that second gating means.

25. A memory chip as defined in claim 19, wherein

said initial bit order holding means includes means for
holding said bits from said given data block in succes-
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sive groups of N bits, with each bit in said bit group
having a bit position n, where n=1,2, .. . N; and

wherein said reordering means comprises means for

18

wherein said providing means obtains bits from bit
groups held in said buffer for provision to said

second gating means.
29. A memory chip as defined in claim 28, wherein

associating each position in said reordered bit data 5 each of said second gating means comprises:

order with a different prescribed bit position n; and
further includes for each such position,

means for obtaining a bit from its associated bit posi-

tion n from each of said bit groups in said data
block in said holding means; and

second means for gating one and only one data bit

obtained from said obtaining means to said associ-
ated position 1n said reordered bit order.

26. A memory chip as defined in claim 2§, wherein
sald second gating means includes means for controlling
said gating for each bit position in said reordered bit
order by generating a truth table of TRUE and COM-
PLEMENT control signals in response to said given
target address.

27. A memory chip as defined in claim 26, wherein
said reordering means includes a chip register for hold-
ing said given block of data, with said register having at

least M register stages for holding said M data bits of

said given data block.
28. A memory chip as defined in claim 27, wherein

said imitial data bit order holding means comprises a
buffer for holding bit groups of said given data block
that contains said target address bit; and
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a plurality of AND gates, with a different AND gate
for each bit group in said data block for receiving
data therefrom, and with each of said plurality of
AND gates receiving a control signal from said
controlling means; and

an OR gate for providing bit data from one of said
plurality of AND gates to the associated register
stage for that second gating means.

30. A memory chip as defined in claim 1, wherein said
first gating means comprises a first register gate for
receiving and gating said first group of N stages to said
N data unit output interface in accordance with a TOG-
GLE logic signal; and a second register gate for receiv-
ing and gating said second group of N stages to said N
data unit output interface in accordance with a NOT
TOGGLE logic signal.

31. A memory chip as defined in claim 19, wherein
said first chip gating means for receiving and gating said
N position groups in said reordered data bit order to
said N bit chip output interface comprises a first register
gate for receiving and gating said first N positions to
said N bit chip output parallel interface in accordance
with a TOGGLE logic signal, and a second register
gate for receiving and gating said second N positions to
said N bit chip output parallel interface in accordance
with a NOT TOGGLE logic signal.
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